Aim: To investigate the bond strengths achieved by using a Bleaching Curing
Introduction
In the clinical practice of orthodontics, bonding of fixed appliances is one of the most time-consuming tasks. Hence, ergonomic measures such as: combined agents, pre-coated brackets, reduced curing time, and indirect bonding procedures have been proposed [1] . In addition, the use of an enlarged light-exiting tip has been reported to develop shear bond strength equal or lower to a conventional tip [2] .
Whereas, in vivo investigations of bond strength present difficulties in investigating independent variables, in vitro human and bovine models pervade the literature, although varied in experimental design [3] [4] [5] . Concomitantly, the use of light curing methods [6] [7] varied adhesive materials or bonding methods [8] [9] , and debonding procedures have also been reported [10] .
The advent of light-catalyzed vital dental bleaching [11] , has provided a cross-over tool which may improve the ergonomics of orthodontic appliance bonding by facilitating the simultaneous curing over an entire arch.
The purpose of this study was to investigate the efficiency of a Bleaching Curing Light (BCL) in simulated one-arch orthodontic bracket bonding. The null hypothesis being that this will produce similar results compared to current methods.
Materials and Methods

Study Design
160 intact anterior bovine teeth were harvested from beef carcasses, and preserved in Thymol [12] . The inclusion criteria were that the teeth were permanent and that the buccal surfaces were caries-free, so that primary bovine teeth or teeth with decayed buccal surfaces were excluded. These were arranged into 20 arches with their roots in wax bases (Dentaurum, Ispringen, Germany) to correspond to the largest average human dental arch [13] . Samples were distributed so that half of the 8 teeth originating from each source were included in the experimental and half in the control groups. As shown in Figure 1 and in Figure 2 , sample position denoted using the ISO 3950:2016 (FDI) system of notation [14] and each arch was oriented within a dental manikin (Columbia Dentoform, New York, USA). ortho-phosphoric acid for 30 seconds (Vista TM, Racine, Wisconsin, USA), according to Saleh [15] , and debrided as above.
The prepared enamel surfaces were bonded according to manufacturer instructions using XT Primer, and Transbond XT Composite (3M, Unitek, Monrovia California USA) [16] . The latter being applied to the mesh pads of premolar brackets (Hangzhou ORJ, China) which were oriented so that the most posterior bracket on each side approximated the position of a first molar tube, based on mean tooth widths [13] . The 3 more anterior brackets were positioned so that full contact was achieved between the bracket base the prepared enamel surface. The bracket bonding material was polymerized as described above with either the BCL or conventional curing light, after which all casts were removed from the mannequins and stored at 85% humidity and 37˚C for 24 hours. Following debonding, all bracket bases were inspected under 10× stereoscopic magnification (Wild, Heerbrugg, Switzerland), and a Adhesive Remnant Index (ARI) determination was made according to Kapur et al. [17] . This was graded as:
0: no adhesive present on the bracket base.
1: 0% < ARI < 50%.
2: 50% < ARI < 75%.
3: ARI > 75%.
Statistical Analysis
ANOVA with repeated measures and paired t-test were carried out to compare differences between the two groups according to position along the arch.
Kruskal Wallis test was used to determine any significant differences in scaled 
Results
The mean SBS values of the two groups according to position along the arch are presented in Table 1 . Bonding failures (debonding force = 0 N), were found in teeth 14 and 24 in Group 1. The mean SBS of this position in Group 1 (0.7 ± 1.0 MPa) was significantly lower (p < 0.001) than those of other positions along the simulated dental arch.
Data related to position in the arch and type of curing on the debonding force is shown in Figure 3 . A high correlation was found between the position of the bracket on the dental arch and the debonding values (p < 0.002). SBS in teeth 11.21 of Group 1 were significantly higher than in group 2 (p < 0.02), whereas in teeth 14.24 Group 2 showed 3.8-fold higher SBS (p < 0.001). In positions 2 and 3 the differences between the two groups were not significant (p > 0.05) ( Figure   3 ).
The ARI within group 1 was found to vary statistically according to position (p = 0.017) ( Table 2 ). The Wilcoxon Signed Ranks Test showed significant dif- (Table 3) . However, no significant correlations were found between the SBS and ARI in any group.
Discussion
The present study found that the use of the BCL resulted in much lower SBS values in the most posterior position, rejecting the null hypothesis. However, Open Journal of Stomatology The multiple failures of bonding in the most posterior position in Group 1, together with the much smaller mean value of debonding force, suggests clinically that bonding to the first molars using the BCL will be least successful. Since the bonding protocol was the same for all the other steps of the bonding procedure, this finding must be due to insufficient (light) curing of the bracket adhesive material in the posterior region of the arch.
Although, effects of the BCL during dental bleaching has been previously re- In Group 1, SBS ranged from 0.2 to 11.5 MPa (excluding bond failures), which are lower than those previously reported [9] [19] . This is likely due to differences
in study designs, materials tested, methods used for the measurements, or specimens differences. Furthermore, methodological variations such as consistency of lever-arm point of force application, or thickness of adhesive layer are innate to such investigations. As a result, there is an additional torque acting that is ignored during debonding tests [3] .
Clinically acceptable bond strengths range between 5.9 and 7.8 MPa [20] . Deceasing SBS posteriorly in Group 1 (Figure 2 ), but significantly higher debonding strength in teeth 11, 21 compared to Group 2 may be due to the longer curing time (40 seconds versus 10 seconds, respectively). It has been previously reported that increasing exposure (5, 10 or 15 seconds) with the same LED did not cause significant differences in SBS, but average values were found to be higher with longer curing time [21] . However, it was not the purpose of this study to base clinical conclusions on an in vitro shear bond strength experiment, due to the well known methodological problems associated with the design of such tests
In positions 2 and 3 the differences in SBS between the two groups were not statistically significant. This suggests that successful bonding can be achieved when using the BCL also in the premolar area. However, bond failures found in Group 1 decreased the SBS mean at position 4 (3.34 MPa). Excluding these, the SBS values found in the anterior and premolar areas may be considered within the required range.
The use of bovine teeth as an appropriate in vitro dental model has been pre- [25] . It has been shown that both shear and tensile strengths are not significantly different between human and bovine dentin [26] [27], or enamel [27] . In addition, reported dental bond strengths in human and bovine studies conclude that the latter can substitute for human teeth in in vitro studies establishing the initial performance of new products [9] [28] [29] .
The latency period of 24 hours after bonding has been reported to increase the setting time of light-cured adhesives [30] [31]. This has been associated with the increase in shear strength reported when allowing setting for 24 hours [32] to 7 days [33] . However, these do not correspond to clinical reality, where brackets are loaded immediately after bonding, therefore, for purposes of comparison, a 24-hour latency period was adopted for the present study [32] [34] .
No significant correlation was found between ARI and bond strength within each group, in agreement with Linn et al [35] . However, significant differences were detected between the two groups in positions 3 (p = 0.032) and 4 (p = 0.030), in which the study group showed lower ARI values, and it was found that adhesive bond fracture occurred between the adhesive and the bracket base more frequently in the study group. This implies a tendency for greater amounts of residual composite in the posterior areas at bracket removal when the BCL was used. However, this requires further investigation since here the bracket/adhesive interface was determined only by visual inspection.
Conclusions
1) Light curing with the BCL leads to similar polymerization of orthodontic adhesive in the anterior and premolar regions.
2) The SBS values suggest that curing with the BCL is an appropriate but location sensitive activation method, thus it would not be effective for one-arch orthodontic bonding.
